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DETAILED ACTION 
Claim Rejections - 35 USC § 102 

1 . The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a piinted publication in this or a foreign country or in public use or on 
sale in this country, more than one year prior to the date of application for patent in the United States. 

(e) the invention was described in- 

(1) an application for patent, published under section 122(b), by another filed in the United States before the 
invention by the applicant for patent, except that an international application filed under the treaty defined in 
section 35 1 (a) shall have the effect under this subsection of a national application published under section 122(b) 
only if the international application designating the United States was published under Article 21(2)(a) of such 
treaty in the English language; or 

(2) a patent granted on an application for patent by another filed in the United States before the invention by the 
applicant for patent, except that a patent shall not be deemed filed in the United States for the purposes of this 
subsection based on the filing of an international application filed under the treaty defined in section 35 1(a). 

2. Claims 1, 2, 7-11, 13, 16, 18, 28, 29, 34-38,40,41,43,45, 50, 55, 60, 61, 63, 64, 66, 67, 
69, 71, 76, 82-84 are rejected under 35 U.S.C. 102(b) as being anticipated by Zandveld (US 
4,104,085). 

Zandveld describes a method for etching a substrate comprising: bombarding the surface 
of the wafer having a silicon (di)oxide layer with argon ions having energy of at least 20 keV 
with the depth depending on the ions concentration arid energy (claimed irradiating the wafer 
surface with a charged particle beam of suitable energy) and this would form claimed particle 
tracks; forming a pattern photoresist on the irradiated wafer surface, etching the wafer with a 
solution according to the etching pattern (col 3, line 50-col. 4, line 50; figure 1-5). Referring to 
the limitations of the particle tracks capable of discrete etching guided by particle tracks or the 
etching is guided by the particle tracks, these claims describe the properties of the particle tracks. 
Since Zandveld' s method form particle tracks, it would be inherently to have those properties. 
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Referring to claims 2, 10, 29, 37, 38, 55, 63, 64 figure 2 shows the charged particle beam 
is of predetermined collimation and at a desired direction (perpendicular) with respect to the 
wafer surface. 

Referring to claim 9, the argon ions are used for the ion implantation (col. 3, line 64-68). 
This would read on claimed charged particle beam is produced by removing some or all electron 
from neutral atoms. Method, such as using an accelerator, to produce such ions are known by 
one skilled in the art as shown in page 9, line 1-2 of specification. 

Referring to claims 11, 13, 38, 40, 64, 66 figure 2 from Zandveld shows the direction is 
perpendicular to the wafer surface and the particle tracks formed would be substantially parallel 
to each other. Claims 14, 41, 67 do not have patentable weight because it is an optional 
limitation. 

Referring to claim 84, the material is silicon dioxide (claimed quartz crystal or silica 
glass) (col. 3, line 53). 

3, Claims 1-4, 7, 8, 10, 14, 16, 18, 28-31, 34, 35, 37, 41, 43, 45, 55-57, 60, 61, 63, 67, 69, 
71 are rejected under 35 U.S.C. 102(e) as being anticipated by Liu et al. (US 6,271,127). 

Liu describes a method for forming dual damascene comprising: exposing the substrate 
surface with and electron beam or ion implantation with suitable energy (claimed irradiating the 
wafer surface with a charged particle beam of suitable energy) and this would form claimed 
particle tracks with a desired depth and alignment; depositing and developing a resist to form an 
etching pattern on the wafer (claimed depositing and removing portions of the resist layer to 
generate an etching pattern on the wafer); etching the wafer according to the etching pattern (col. 
7, line 21-44; col. 8, line 20-30). Referring to the limitations of the particle tracks capable of 
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discrete etching guided by particle tracks or the etching is guided by the particle tracks, these 
claims describe the properties of the particle tracks. Since Liu's method form particle tracks, it 
would be inherently to have those properties. 

Referring to claims 2, 10, 29, 37, 55, 63, even though Liu is silent about the charged 
particle beam is of predetermined collimation and at a desired direction with respect to the wafer 
surface, the electron beam or ion implantation would have to carry a certain collimation and at a 
certain direction (claimed predetermined collimation at a desired direction) with respect to the 
wafer surface. Claims 14, 41, 67 do not have patentable weight because it is an optional 
limitation. 

Referring to claims 3, 4, 24, 25 the wafer would comprise a negative of a final 
nanomachined structure for the depositing of metal interconnection (col 7, line 51-59). 

Claim Rejections - 35 USC §103 

4. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the inventi on is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

5. Claims 9, 11, 13, 36, 38, 40, 62, 64, 66 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Liu as applied to claims 1,10, 28, 37, 55, 63 above, and further in view of 
Zandveld (US 4, 104,085). 

The ion implantation taught by Liu is known to one skilled in the art. Zandveld describes 
such ion implantation method using argon ions (col. 3, line 64-68). This would read on claimed 
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charged particle beam is produced by removing some or all electron from neutral atoms. 
Method, such as using an accelerator, to produce such ions are known by one skilled in the art as 
shown in page 9, line 1-2 of specification. 

Referring to claims 11, 13, 38, 40, 64, 66 figure 2 from Zandveld shows the direction is 
perpendicular to the wafer surface and the particle tracks formed would be substantially parallel 
to each other 

6. Claims 15, 17, 19-22, 42, 44, 46-49, 68, 70, 72-75, 90, 92 are rejected under 35 
U.S.C. 103(a) as being unpatentable over Liu or Zandveld or Liu/admitted prior art or 
Zandveld/admitted prior art as applied to claims 1, 28, 55, 88, and further in view of Hashimoto 
etal. (US 4,976,818). 

The process of forming pattern in the photoresist is known to one skilled in the art as 
describes here by Hashimoto, this process include spin coating, electron beam exposure, and 
develop in a solvent (col 2, line 46-54). Since it is formed by the same method, it would 
suitable for removing portions as small as 5 nm width. 

Hashimoto also teaches using multi-layer resist system because it improves dry etch 
resistance and suppress the proximity effect due to reflection of electrons. The multi resist 
system is processed with dissolution of selective portions of the resist layer using a solvent and a 
plasma based etching (col. 1, line 18-3 1; summery; col. 2, line 39-61). 

7. Claims 23-25, 50-52, 76-78, 88, 89, 94-96 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Liu or Zandveld as applied to claims 1, 28, 55 above, and further in view of 
applicant's admitted prior art. 
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Unlike claimed invention, Liu is silent about the chemistry being used for etching of the 
wafer. Method for etching the wafer including an etching solution or plasma is well known to 
one skilled in the art as described in page 13 of the specification. Therefore, at the time of the 
invention, using any method will be obvious in order to etch the wafer with a reasonable 
expectation of success. 

Referring to the limitation of aspect ratio of the etch portion greater than 1 or at least 
about 10, this would depend on the structure being fabricated and the time of etching. An 
example of a structure having aspect ratio of greater than 1 is the zone plates for the x-ray 
application as shown in page 3 of the specification or the aspect ratio is desired at as high as 
several hundred (specification: page 2, line 20). Therefore, at the time of the invention, the 
aspect ratio would have to be determined through routine experimentation depending the 
structure being manufacture and the time of etching in order to form a structure with a reasonable 
expectation of success. 

Referring to claim 89, admitted prior art also discussed using e-beam lithography. This 
would provide claimed e-beam resist material. Therefor, it would also have to be structurally 
stable during etching. 

8. Claims 5, 6, 26, 27, 32, 33, 53, 54, 58, 59, 79, 80 are rejected under 35 U.S.Q 103(a) as 
being unpatentable over Liu or Liu/admitted prior art as applied to claims 1, 25, 28, 52, 57, 78 
above, and further in view of Chen (US 5, 723,387). 

Liu doesn't describe the electroplating method for forming the Cu. Chen teaches an 
electroplating method for forming Cu interconnects (claims 6, 7). It would have been obvious 
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for one skilled in the art to deposit Cu in light of Chen because Chen teaches that electroplating 
method can form very small scale Cu interconnects on semiconductor substrate. 

9. Claims 12, 39, 65, 93 are rejected under 35 U.S.C. 103(a) as being unpatentable over Liu 
or Zandveld as applied to claims 10, 37, 63, 88 above. 

Unlike claimed invention, Liu and Zandveld do not describe the direction of the particle 
beam hitting the substrate is of less than 90 degrees with respect to the plane of the wafer surface 
of the particle tracks intercept within the wafer. However, the amount of particle beam hitting 
the wafer surface would depend on the angle it hits on the wafer; therefore, it would have been 
obvious for one skilled in the art to determine the angle the particle beam hitting the wafer which 
would provide the particle tracks to be intercepted in the wafer surface through routine 
experimentation in order to obtain the optimum angle for the wafer surface treatment with a 
reasonable expectation of success. 

10. Claims 85, 91 are rejected under 35 U.S.C 103(a) as being unpatentable over Liu or 
Zandveld and admitted prior art as applied to claims 1, 88 above, and further in view of Surendra 
et al. (US 6,365,326). 

Applied prior art doesn't describe forming an etch stop to the surface that is opposite the 
surface having resist material. Surendra shows a method where an etch stop to the surface that is 
opposite the surface having resist material (col. 5, line 15-25). It would have been obvious to 
one skill in the art in light of Surendra to use the etch stop layer to stop the etching of the 
substrate with a reasonable expectation of success. 
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Allowable Subject Matter 

11. Claims 29, 63, 81, 86, 87, 97, 98 are objected to as being dependent upon a rejected base 
claim, but would be allowable if rewritten in independent form including all of the limitations of 
the base claim and any intervening claims. 

Claims 29, 63, 81, 87, 98 are allowable because applied prior art doesn't suggest to use 
the energy of approximately 0.5 MeV or 500 thousand Volts or one hundred million electron 
volts to create particle tracks. Applied prior aft such as Zandveld uses energy of about 30keV. 

Claims 86 is allowable because applied prior art doesn't suggest forming the structure of 
nano machined comprises a zone plate structure for x-ray application beyond 1000 volts where 
the etching pattern is a zone plate pattern having a width of at least 5 nm, the aspect ratio of the 
depth of the etched particle tracks to the width of the smallest zone plate pattern is at least 10, 
and the zone structure has a diameter of at least about 1 mm. Applied prior art such as Zandveld 
and Liu describes structures such as dual damascene and diode. 

Claim 97 is allowable because applied prior art doesn't provide the motivation or suggest 
that the aspect ratio formed can be in the order of 1000. 

Claims 99-104 are allowed with the same reason of allowable claim 29. 

Response to Arguments 

12. Applicant's arguments filed 1/21/04 have been fully considered but they are not 
persuasive. 

Referring to applicant's arguments that irradiation with ions beams with energy in the 
range of 1-320 keV as disclosed by the cited references is not capable of forming particle tracks 
and Zandveld and Liu do not inherently teach formation of particle tracks capable of discreet 
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etching. This is found unpersliasive because there are no factual evidences to show that the cited 
references do not form any particle tracks at all Also, the claims, at least the independent 
claims, do not limit to any level of energy being used. The particle tracks, as far as those 
claimed concerned, are formed by the method of irradiation. Since the cited references use the 
same method, irradiation of the substrate, even at a lower energy, it would inherently provide 
some level of particle tracks. This reads on claimed of forming particle tracks. It is the burden 
to applicant to show that the cited references form no particle tracks at all 

Referring to applicant's argument that Zandveld and Liu do not expressly teach formation 
of the particle tracks capable of discreet etching or etching guided by the particle tracks is 
acknowledged. For the formation of particle tracks of the cited references, please see the 
argument above. Referring to the limitations of the particle tracks capable of discrete etching 
guided by particle tracks or the etching is guided by the particle tracks, these claims describe the 
properties of the particle tracks. Since the methods of Zandveld and Liu form particle tracks, it 
would be inherently to have those properties. 

Referring to applicant's argument that the examiner doesn't provide scientific reasoning 
for the theory that irradiation of a wafer surface with a charged particle beam necessary forms 
particle tracks. As already discussed above, the particle tracks, as far as those claimed 
concerned, are formed' by the method of irradiation method and not limit to any particular level 
of energy. A "suitable energy" in the claims can be anything. Even though cited references use 
a different energy levels. It would inherently from some level of particle tracks since it is done 
by the same methods as that of the claims. 
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Election/Restrictions 

13. Newly submitted claims 105-123 directed to an invention that is independent or distinct 
from the invention originally claimed for the following reasons: they are product claims and the 
method claims can be used to form another materially different product such as forming dual 
damascene or diode structure. 

Since applicant has received an action on the merits for the originally presented 
invention, this invention has been constructively elected by original presentation for prosecution 
on the merits. Accordingly, claims 105-123 withdrawn from consideration as being directed to a 
non-elected invention. See 37 CFR 1 .142(b) and MPEP § 821.03. 

Claim Rejections - 35 USC § 112 

14. The following is a quotation of the second paragraph of 35 U.S.C. 1 12: 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject matter which the applicant regards as his invention. 

15. Claims 23, 28, and 76 recite the limitation "said etched portion". There is insufficient 
antecedent basis for this limitation in the claim. 

16. Claim 89 is rejected under 35 U.S.C. 112, second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which applicant regards as 
the invention. 

It is unclear by "said pattern forming resist material is an e-beafn resist material 
configured to be structurally stable during etching ." 
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Claim Objections 



17. Claims 82 and 83 are objected to because of the following informalities: they are the 
same as claims 13 and 14 and they all depend on the same claim. Appropriate correction is 
required. 



18. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to DuyVu n Deo whose telephone number is 703-305-0515. 
DVD 

April 7, 2004 




